INTRODUCTION
A seat belt, as is known, has a role to protect vehicle passengers in case of a sudden stop or traffic accident. Restraint systems such as seat belts and airbags have a great role in decreasing the number of children who die in traffic accidents [1] . Child restraint systems are often used incorrectly. An estimated 46% of car and booster seats are misused in a way that could reduce their effectiveness [2] . The most common injuries that occur in children are cervical spine fractures and lumbar spinal dislocations (Figure 1 ).
Figure 1 Spinal injuries
Cases of serious cervical and lumbar spinal cord injury have been described for many years [3] . These injuries occur when a child uses the wrong shoulder belt, or when the shoulder belt is not present (Figure 2 ) [4] , [5] .
Figure 2 Incorrect and correct the seat belt use
The aim of this study was to analyse the behaviour of the lower spine during emergency braking in two cases, using the finite element. 3D model of a L4-L5 vertebra has been tested in bending to determine the displacements and von Misses stresses. In this way, the numerical simulations can determine the degree of injury to children in a car accident.
MATERIALS AND METHODS
A 3D computer model of a L4-L5 vertebra was developed using the CT scans. The CT scans were read into Mimics visualization software, where the images were segmented by thresholding to obtain vertebra model, with intervertebral disc (Figure 3) . After creating a 3D model, we used Ansys R14.5 to generate 3D mesh ( Figure 2b ). Linear tetrahedron was used as the final element. Finite element mesh consists of three groups of elements: finite elements that represent cortical bone, finite elements that represent nucleus and finite elements that represent annulus. Mechanical properties assigned to the each material are summarized in Table 1 [6], [7] . The boundary condition was defined by fixed nodes at the bottom of the model, while on the upper surface of the model set the certain value of the force. Using Hyper Physics [8], we got the value of the force, that acting on the body in car crash (4000 N, calculated for children from 30 kg weight and speed of the car 70 km/h). In the case when the belt is used properly, it has limited the movement the model to 100 mm.
One of the basic principles of continuum mechanics is the principle of virtual work. Starting from the equilibrium equations [9] by applying the boundary conditions can be equal to the virtual work of internal and external forces:
Virtual work of the previous equation in matrix form can be written as:
Applying the principle of virtual work and the constitutive relations for linear elastic material in matrix form  σ Ce (3) and by applying the concept isoparametric interpolation [10] in the finite element, we can write the equation of equilibrium finite elements ext  KU F (4) where K is element stiffness matrix, C -elastic constitutive matrix, e = BU -matrix deformation, U -displacements at the nodes, F ext -external forces in the element nodes.
In the linear analysis of solids a basic assumption is that the moving solids is infinitesimally small and that the material is linearly elastic. Also, the assumption is that the nature of the boundary conditions remain unchanged under the action of external loads. Under these assumptions, the equations of equilibrium is derived for finite element structural analysis.
RESULTS
In this this section, we present the results of numerical simulation. We investigated two cases. Figure 4 show results of the first numerical analysis -simulation of a correct seat belt use.
a) b) Figure 4 Numerical results of case 1: a) displacement [mm], b) Von Mises stress distirbution [Pa]
As can be seen, the greatest value of displacement of the upper vertebra part is 3.68 mm. In the area near the spinal cord recorded the movement of the annulus of 1.35 mm. Figure 4b present Von Mises stress distribution along studied model. The highest recorded value of this stress is 18.73 MPa, in the area of contact vertebra body and intervertebral disc. These zones leads to cervical spine fractures, so it is of great relevance correct use of the seat belt. Figure 5 shows stress distribution for second case. Improper use seat belts, in the event of an car accident, leading to large displacement of parts of the spine. As can be seen from Figure 5 , the greatest displacement go to enormous 24.52 mm. Moving the intervertebral disc go to 13.6 mm. The von Misses stress reaches a value of 122.2 MPa. All this leads to serious damage to the spine and improper functioning of its parts.
CONCLUSIONS
The FEA performed in this study demonstrated pattern of von Misses stress distribution and displacement through the lumbar spine (segment L4-L5) during car accident. We studied the correct and incorrect way binding belt child in the back seat. Results of this study showed that the displacement of L4 vertebra body in the first case is 3.68 mm, which is a good result and secure value for the spine. The highest von Misses stress has a value 18.73 MPa. Improper use seat belts, in the event of an car accident leading to large displacement of the L4 vertebra body. Greatest value in this case has 24.52 mm. Intervertebral disc has a large displacement, even 13.6 mm, which leads to cervical spine fractures. These results give a clearer picture of the severity of injuries of the spine during sudden braking of the car. It is necessary that everyone understand the seriousness of the problem.
